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ABSTRACT 
Implementations relate to a device and method for barcode 
scanning and dimensioning . In some implementations , the 
method includes acquiring a two - dimensional ( 2D ) preview 
image of an object , and processing the 2D preview image to 
determine one or more dark areas and to determine a 
location of a code on the object . The method also includes 
acquiring a three - dimensional ( 3D ) image of the object 
based on the one or more dark areas , and processing the 3D 
image to determine depth data and to determine dimensions 
of the object . The method also includes acquiring a 2D data 
capture image of the object based on the depth data in the 
processed 3D image , where the 2D data capture image 
captures the code . The method also includes reading the 
code based on the 2D data capture image . 
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BARCODE SCANNING AND DIMENSIONING be a barcode . The method also includes acquiring a three 

dimensional ( 3D ) image of the object , where the 3D image 
BACKGROUND is obtained from a 3D camera device . The method also 

includes processing the 3D image to determine depth data . 
Accurate measurement of packages prior to shipping is an 5 The method also includes acquiring a 2D data capture image 

important task in the transportation and logistics industry . of the object based on the depth data in the processed 3D 
Dimension measurements and weight measurements are image , where the 2D data capture image captures the code , 
common measurements prior to shipping a package . Another and where the 2D data capture image is obtained from the 
common task prior to shipping is the scanning of barcodes . 2D camera device . The method also includes reading the 
Barcode scanning is generally accomplished using imaging 10 code based on the 2D data capture image . 
scanners , where an imaging scanner takes a picture of the In some implementations , the 3D camera device may be 
entire barcode , and a processor running image - processing an infrared camera device . In some implementations , the 
algorithms recognizes and decodes the barcode . Barcode method may further include focusing a lens of the 2D 
scanning is often implemented on a mobile device . camera device on the code based on the depth data in the 

15 processed 3D image . In some implementations , the method 
BRIEF DESCRIPTION OF THE SEVERAL may further include providing an indicator to a user , where 

VIEWS OF THE DRAWINGS the indicator guides the user to optimally position the 2D 
camera device relative to the object based on the depth data 

The accompanying figures , where like reference numerals in the processed 3D image . In some implementations , the 
refer to identical or functionally similar elements throughout 20 method may further include adjusting a resolution of the 
the separate views , together with the detailed description code based on the depth data in the processed 3D image . In 
below , are incorporated in and form part of the specification , some implementations , the code may be a barcode . In some 
and serve to further illustrate implementations of concepts implementations , the method may further include cropping 
described herein , and explain various principles and advan - an image of the code when the depth data in the processed 
tages of those implementations . 25 3D image exceeds a predetermined depth threshold . 

FIG . 1 depicts an example device for dimensioning and In some implementations , another aspect of the specifi 
barcode scanning , in accordance with some implementa cation provides a system that includes a 2D camera device , 
tions . a 3D camera device , and one or more processors . The system 

FIG . 2 depicts a block diagram of an example device , in also includes data storage containing instructions executable 
accordance with some implementations . 30 by the one or more processors . The instructions cause the 

FIG . 3 depicts a flowchart of an example method for system to perform operations which may include acquiring 
barcode scanning , in accordance with some implementa a 2D preview image of an object obtained from a 2D camera 
tions . device , processing the 2D preview image to determine a 

FIG . 4 depicts a flowchart of an example method for location of a code on the object , and acquiring a 3D image 
dimensioning , in accordance with some implementations . 35 of the object , where the 3D image is obtained from a 3D 

FIG . 5 depicts a flowchart of an example method for camera device . The instructions may also include processing 
barcode scanning and dimensioning , in accordance with the 3D image to determine depth data , acquiring a 2D data 
some implementations . capture image of the object based on the depth data in the 

FIG . 6 depicts a block diagram of an example workflow processed 3D image , where the 2D data capture image 
for barcode scanning and dimensioning , in accordance with 40 captures the code and where the 2D data capture image is 
some implementations . obtained from the 2D camera device , and reading the code 

FIG . 7 depicts an example user interface rendering a based on the 2D data capture image . 
digital image of a physical object as well as dimensions In some implementations , another aspect of the specifi 
thereof and a barcode readout , in accordance with some cation provides a method that includes acquiring a 2D 
implementations . 45 preview image of an object obtained from a 2D camera 

Skilled artisans will appreciate that elements in the figures device , processing the 2D preview image to determine one 
are illustrated for simplicity and clarity and have not nec or more dark areas , acquiring a 3D image of the object based 
essarily been drawn to scale . For example , the dimensions of on the one or more dark areas in the processed 2D preview 
some of the elements in the figures may be exaggerated image , where the 3D image is obtained from a 3D camera 
relative to other elements to help to improve understanding 50 device , and processing the 3D image to determine dimen 
of implementations of the present specification . sions of the object . 

The apparatus and method components have been repre - In some implementations , the 3D camera device may be 
sented where appropriate by conventional symbols in the an infrared camera device . In some implementations , the 
drawings , showing only those specific details that are per - method may further include displaying the dimensions of the 
tinent to understanding the implementations of the present 55 object on a display device . In some implementations , the 
specification so as not to obscure the disclosure with details method may further include displaying the 2D data capture 
that will be readily apparent to those of ordinary skill in the image of the object on a display device . In some implemen 
art having the benefit of the description herein . tations , the method may further include adjusting at least one 

of an exposure time of the 3D image and the gain of the 3D 
DETAILED DESCRIPTION 60 image based on the one or more dark areas in the processed 

2D preview image . In some implementations , the processing 
An aspect of the specification provides a method that of the 3D image may include identifying one or more 

includes acquiring a two - dimensional ( 2D ) preview image surfaces of the object , determining a region of interest based 
of an object , where the 2D preview image is obtained from on the one or more surfaces , and adjusting an exposure time 
a 2D camera device . The method also includes processing 65 of the 3D image and / or the gain of the 3D image based on 
the 2D preview image to determine a location of a code on the processed 2D preview image . In some implementations , 
the object . As described in more detail herein , the code may the processing of the 3D image may include , identifying 
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surfaces of the object , and determining dimensions of the device . The processor may be further configured to process 
object based on the identified surfaces of the object . the 3D image to determine depth data and to determine 

In some implementations , another aspect of the specifi dimensions of the object . The processor may also be con 
cation provides a system that includes a 2D camera device , figured to acquire a 2D data capture image of the object 
a 3D camera device , one or more processors , and data 5 based on the depth data in the processed 3D image , where 
storage containing instructions . The instructions are execut - the 2D data capture image captures the code , and where the 
able by the one or more processors for causing the system to 2D data capture image is obtained from the 2D camera 
perform operations including acquiring a 2D preview image device . The processor may also be configured to read the 
of an object , where the 2D preview image is obtained from code based on the 2D data capture image . 
a 2D camera device . The operations also include processing 10 In various implementations , 2D camera device 102 may 
the 2D preview image to determine one or more dark areas . be interchangeably referred to as camera 102 , and 3D 
The operations also include acquiring a 3D image of the camera device 104 may be interchangeably referred to as 
object based on the one or more dark areas in the processed depth sensing device 104 . Also , processor 220 may be 
2D preview image , where the 3D image is obtained from a interchangeably referred to as dimensioning processor and / 
3D camera device . The operations also include processing 15 or barcode reading processor 220 . 
the 3D image to determine dimensions of the object . Referring still to FIG . 2 , device 100 further includes a 

In some implementations , another aspect of the specifi - memory 222 , a communication interface 224 ( interchange 
cation provides a method that includes acquiring a 2D ably referred to as interface 224 ) , a display device 126 , at 
preview image of an object obtained from a 2D camera least one input device 228 , a speaker 232 , and a microphone 
device . The method further includes processing the 2D 20 234 . Device 100 , and its components , will now be described 
preview image to determine one or more dark areas and to in further detail . Device 100 may include a mobile or 
determine a location of a code on the object . The method otherwise portable computing device having a graphics 
also includes acquiring a 3D image of the object based on processing unit ( GPU ) , a graphics processing device , a 
the one or more dark areas , where the 3D image is obtained graphics processing engine , a video processing device , and 
from a 3D camera device . The method also includes pro - 25 the like . Device 100 acquires images and depth data to 
cessing the 3D image to determine depth data and to dimension objects in a field of view of camera 102 and depth 
determine dimensions of the object . The method also sensing device 104 . In an embodiment , device 100 includes 
includes acquiring a 2D data capture image of the object a device with specialized functions , for example , warehouse , 
based on the depth data in the processed 3D image , where retail , or healthcare functionality , including but not limited 
the 2D data capture image captures the code , and where the 30 to tracking or otherwise processing of inventory , shipping 
2D data capture image is obtained from the 2D camera parcels , retail items , healthcare supplies , and the like . In 
device . The method also includes reading the code based on various other embodiments , the device 100 may take various 
the 2D data capture image . form factors , such that of a mobile computing device , tablet , 

FIG . 1 depicts an example device 100 for dimensioning laptop , or desktop computing device , a PDA , a smartphone , 
and barcode scanning , in accordance with some implemen - 35 an internet - enabled appliance , an electronic camera and the 
tations . As described herein , the barcode scanning and like . Other suitable devices are within the scope of present 
dimensioning is based on one or more digital images and implementations . 
depth data . FIG . 2 depicts a block diagram of device 100 of The device 100 may further include one or more of a radio 
FIG . 1 , in accordance with some implementations . frequency identification ( RFID ) and / or a near field commu 

Referring to FIG . 1 and FIG . 2 , in various implementa - 40 nication ( NFC ) reader , a laser - based barcode scanner , one or 
tions , device 100 may be a personal digital assistant ( PDA ) , more handles that may be separate from or form part of the 
tablet , or any suitable handheld device . As shown , a device display 126 , as well as a trigger for triggering one or more 
100 includes a two - dimensional ( 2D ) camera device 102 , a of the cameras 102 , 104 , laser - based scanner , RFID , an NFC 
three - dimensional ( 3D ) camera device 104 which may be reader , or another data acquisition device . In one embodi 
referred to as a depth sensing device 104 , and at least one 45 ment , the trigger is a hardware trigger switch built into the 
processor 220 which may referred to as a dimensioning device 100 , for example integrated into a handle or disposed 
processor and / or a barcode reading processor 220 . In this elsewhere on the housing of the device 100 . Alternatively or 
example implementation , 2D camera device 102 is built into in addition , the trigger may be a graphical user interface 
device 100 . As such , 2D camera device 102 is shown as component , such as a button displayed on a touch screen of 
dotted lines . As shown , 2D camera device 102 includes a 2D 50 a display device 126 . 
camera lens 106 , and 3D camera device 104 includes a 3D In various implementations , camera 102 may include a 
camera lens 108 . As indicated herein , 2D camera device 102 digital camera , RGB digital camera , and the like , configured 
may include a barcode imager . In an embodiment , the 2D to acquire digital images , including , but not limited to , 
camera device may be a red - green - blue ( RGB ) camera . images in a video stream . While details of camera 102 are 
Also , 3D camera device may be an infrared camera device . 55 not depicted , it is assumed that camera 102 includes com 
In some implementations , 3D camera device may also ponents for acquiring digital images including , but not 
include a laser pattern emitter 110 . limited to , respective charge coupled devices ( CCD ) and the 

In various implementations , processor 220 is configured like , as well as respective lenses , respective focusing devices 
to : acquire a 2D preview image of an object obtained from ( including , but not limited to voice coils and the like ) , etc . 
the 2D camera device ; process the 2D preview image to 60 Hence , data from camera 102 generally includes two - dimen 
determine one or more dark areas ( e . g . , image areas below sional data , and specifically a 2D array of values , which may 
a predetermined brightness threshold and / or image areas that include an array of 2D color coordinates and / or brightness 
have a predetermined dark color , including those image coordinates . Depth sensing device 104 may include one or 
areas that are black or substantially black ) and to determine more of a time - of - flight ( TOF ) camera , an active stereo 
a location of a code on the object ; and acquire a 3D image 65 vision camera ( which may project its own light , including 
of the object based on one or more of the one or more dark but not limited to infrared light ) , and a passive stereo vision 
areas , where the 3D image is obtained from the 3D camera camera ( which relies on ambient light ) . In various imple 
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mentations , these different technologies may be applied for Note that the locations of each of camera 102 and depth 
different working conditions and different working ranges . sensing device 104 in each of FIG . 1 and FIG . 2 are merely 
For example , in direct sunlight , passive sterio vision systems schematic and do not necessarily represent actual relative 
are preferred . For a long working range , TOF is preferred . positions of each of camera 102 and depth sensing device 
and for indoor applications with small boxes , structured 5 104 . For example , camera 102 and depth sensing device 104 
light ( e . g . , active stereo vision ) is preferred . However , other may be located anywhere on device 100 ( presuming that 
depth sensing devices are within the scope of present their fields of view at least partially overlap such that 
implementations . In some implementations , depth sensing physical objects in their respective fields of view may be 

both imaged by camera 102 and sensed by depth sensing device 104 may include a pair of cameras , which may 
include camera 102 , that form a stereo vision camera . When 10 device 104 ) . 

In some implementations , camera 102 and depth sensing depth sensing device 104 includes a structured light camera , device 104 may occupy the same point in space such that depth sensing device 104 may include a device configured to their respective fields of view would be identical . In some project structured light and a camera to capture images of implementations , camera 102 may include an RGB camera physical objects illuminated by the structured light . When 15 d light . When 15 ( e . g . , camera 102 ) and a TOF camera ( e . g . , depth sensing depth sensing device 104 includes a TOF camera , depth device 104 . ) . The particular configuration may vary , and will sensing device 104 includes components for providing such depend on the particular implementation . Furthermore , such 
functionality . a configuration allows for preprocessing of digital images 

Depth sensing device 104 is configured to sense depth and depth data to align corresponding areas and / or pixels , to 
across a field of view . In particular , depth data from depth 20 minimize “ pixel shadowing ” and “ dark regions . ” For 
sensing device 104 could be processed to produce a three example , due to parallax , and in some cases of arrangements 
dimensional map of the field of view of depth sensing device of object in their fields of view , regions that are visible to 
104 . Hence , data from depth sensing device 104 may be camera 102 are not visible to depth sensing device 104 , or 
referred to as three - dimensional data and may include a vice versa . This may cause an absence of image data in 
two - dimensional array of depth coordinates ( e . g . , each ele - 25 regions for which there is depth data and / or an absence of 
ment in the two - dimensional array is associated with a depth data in regions for which there is image data . When 
corresponding depth ) . such regions are large , they may distort data being processed 

The depth data from depth sensing device 104 generally using techniques described herein , so the closest possible 
represents a distance from the depth sensing device 104 to co - location of camera 102 and depth sensing device 104 is 
portions of objects in the field of view of depth sensing 30 preferred . 
device 104 . In some implementations the depth data may Processor 220 may include a processor and / or a plurality 
include , and / or be converted to , “ real world coordinates " of processors , including but not limited to one or more 
which may include three - dimensional coordinates in a central processors ( CPUs ) and / or one or more processing 
selected reference frame and / or a given reference frame . In units and / or one or more graphic processing units ( GPUs ) ; 
some implementation such a reference frame may be relative 35 either way , processor 220 includes a hardware element 
to depth sensing device 104 ( e . g . , depth sensing device 104 and / or a hardware processor . Indeed , in some implementa 
may include an origin of the reference frame ) . In other tions , processor 220 may include an application - specific 
implementations , such a reference frame may be relative to integrated circuit ( ASIC ) and / or a field - programmable gate 
a fixed coordinate , for example a point in a warehouse array ( FPGA ) specifically configured to implement the func 
and / or a geographical coordinate determined using a global 40 tionality of device 100 . Hence , device 100 is preferably not 
positioning system ( GPS ) device . In the latter implementa - a generic computing device , but a device specially config 
tions , device 100 may include a GPS device , and coordinates ured to implement specific functionality including dimen 
of depth data from depth sensing device 104 may be sioning using digital images and depth data , and barcode 
determined relative to an origin defined with respect to GPS scanning and reading , as described in further detail below . 
data . 45 For example , device 100 and / or processor 220 may specifi 
As depicted in FIG . 1 , external components of each of cally include an engine configured to dimension objects and 

camera 102 and depth sensing device 104 may be located on read barcodes in a field of view of camera 102 and depth 
a rear side of device 100 , and display device 126 may be sensing device 104 using digital images and depth data . 
located on a front side of device 100 , such that digital images Memory 222 may include a non - volatile storage unit ( e . g . , 
and depth data may be captured at a rear side of device 100 . 50 erasable electronic programmable read only memory ( EE 
Put another way , a field of view of each of camera 102 and PROM ) , flash memory , etc . ) and a volatile storage unit ( e . g . , 
depth sensing device 104 may overlap at a particular point random access memory ( RAM ) ) . Programming instructions 
along an axis perpendicular to the plane of a rear side of that implement the functional teachings of device 100 as 
device 100 . described herein are typically maintained , persistently , in 

Furthermore , as also depicted in FIG . 1 , image capturing 55 memory 222 and used by processor 220 which makes 
components and / or data capturing components of camera appropriate utilization of volatile storage during the execu 
102 and depth sensing device 104 , such as lenses and the tion of such programming instructions . Those skilled in the 
like , may be separated by a distance such that images from art recognize that memory 222 is an example of computer 
camera 102 and depth data from depth sensing device 104 readable media that may store programming instructions 
generally image and / or sense depth across a similar field of 60 executable on processor 220 . Furthermore , memory 222 is 
view . In other words , respective fields of view of camera 102 also an example of a memory unit and / or memory module 
and depth sensing device 104 generally overlap substan - and / or a non - volatile memory . 
tially . In some implementations , lenses , and the like , of each In particular , in some implementations , memory 222 may 
of camera 102 and depth sensing device 104 are as close store an application 236 that , when executed by processor 
together as possible . This is both to reduce parallax there 65 220 , enables processor 220 to acquire a 2D preview image 
between and to ensure that depth data may be captured for of an object , where the 2D preview image is obtained from 
an object imaged by camera 102 . a 2D camera device . Application 236 also enables processor 
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220 to process the 2D preview image to determine one or analog networks , public switched telephone network 
more dark areas and to determine a location of a code on the ( PSTN ) , access points , and the like , and / or a combination . 
object . Application 236 also enables processor 220 to While not depicted , device 100 further includes a power 
acquire a 3D image of the object based on one or more of the supply , including , but not limited to , a battery , a power pack 
one or more dark areas , where the 3D image is obtained from 5 and the like , and / or a connection to a mains power supply 
a 3D camera device . Application 236 also enables processor and / or a power adaptor ( e . g . , an alternating current to direct 
220 to process the 3D image to determine depth data and to current ( AC - to - DC ) adaptor ) . In general the power supply 
determine dimensions of the object . Application 236 also powers components of device 100 . 

Hence , it should be understood that in general a wide enables processor 220 to acquire a 2D data capture image of 
the object based on the depth data in the processed 3D " 10 variety of configurations for device 100 are contemplated . 

Attention is now directed to FIG . 3 , which depicts a block image , where the 2D data capture image captures the code , diagram of a flowchart of a method for scanning and reading and where the 2D data capture image is obtained from the barcodes using digital images and depth data , according to 
2D camera device . Application 236 also enables processor non - limiting implementations . In order to assist in the expla 
220 to read the code based on the 2D data capture image . In 15 nation of the method and other methods described herein , it 
one embodiment , processor 220 interfaces with specially will be assumed that the method is performed using device 
configured firmware instead of or in addition to the appli - 100 , specifically by processor 220 , and when processor 220 
cation 236 in order to execute the foregoing functionality . processes instructions stored at memory 222 ( e . g . , applica 

Processor 220 may be configured to control display tion 236 ) . Indeed , device 100 as shown in FIGS . 1 and 2 may 
device 126 to one or more of : render a digital image from 20 have other configurations . Furthermore , the following dis 
camera 102 , identify an object in the digital image , display cussion of the method will lead to a further understanding of 
the decoded barcode , and render the dimensions of the device 100 , and its various components . However , it is to be 
object , presuming such dimensions have been determined , understood that device 100 and / or the methods described 
as described in further detail below . herein may be varied , and need not work exactly as dis 

Device 100 generally includes at least one input device 25 cussed herein in conjunction with each other , and that such 
228 configured to receive input data , and may include any variations are within the scope of present implementations . 
suitable combination of input devices , including but not Regardless , it is to be emphasized , that the methods 
limited to a keyboard , a keypad , a pointing device , a mouse , described herein need not be performed in the exact 
a track wheel , a trackball , a touchpad , a touch screen ( e . g . , sequence as shown , unless otherwise indicated . Likewise , 
integrated with display device 126 ) , and the like . Other 30 various blocks may be performed sequentially and / or in 
suitable input devices are within the scope of present imple - parallel . Hence the elements of the methods described herein 
mentations . In some implementations , one or more of input are referred to herein as “ blocks ” rather than " steps . " It is 
device 228 and display device 126 may be external to device also to be understood , however , that method may be imple 
100 , with processor 220 in communication with any external mented on variations of device 100 as well . 
components via a suitable connection and / or link . 35 FIG . 3 depicts a flowchart of an example method for 
As depicted , device 100 further includes an optional barcode scanning , in accordance with some implementa 

speaker 232 or speakers and an optional microphone 234 tions . As described herein , the barcode scanning is based on 
( either of which may alternatively be external to device one or more digital images and depth data . Referring to 
100 ) . Speaker 232 includes any suitable speaker for con - FIGS . 2 and 3 , a method is initiated at block 302 , where 
verting audio data to sound to provide one or more of 40 processor 220 acquires a two - dimensional ( 2D ) preview 
audible alerts , audible communications from remote com - image of an object . In various implementations , the 2D 
munication devices , and the like . Microphone 234 includes preview image is obtained from a 2D camera device . At 
any suitable microphone for receiving sound and converting block 304 , processor 220 processes the 2D preview image to 
to audio data . Speaker 232 and microphone 234 may be used determine a location of a code , such as a barcode , on the 
in combination to implement telephone and / or communica - 45 object . At block 306 , processor 220 acquires a three - dimen 
tion functions at device 100 . sional ( 3D ) image of the object . In various implementations , 
As depicted , processor 220 also connects to optional the 3D image is obtained from a 3D camera device . 

interface 224 , which may be implemented as one or more At block 308 , processor 220 processes the 3D image to 
radios and / or connectors and / or network adaptors , config - determine depth data . In some implementations , the pro 
ured to wirelessly communicate with one or more commu - 50 cessing of the 3D image may include determining pixels in 
nication networks ( not depicted ) . It will be appreciated that the 3D image that correspond to the pixels in the 2D preview 
interface 224 is configured to correspond with network image associated with the barcode . In some implementa 
architecture that is used to implement one or more commu - tions , the processing of the 3D image may include deter 
nication links to the one or more communication networks , mining depth values of the corresponding pixels in the 3D 
including but not limited to any suitable combination of 55 image . In various implementations , the depth values informs 
universal serial bus ( USB ) cables , serial cables , wireless 2D camera 102 what the distance is between an object and 
links , cell - phone links , cellular network links ( including but 2D camera 102 , which helps 2D camera 102 to better focus 
not limited to 2G , 2 . 5G , 3G , 4G + such as universal mobile on the object . 
telecommunications system ( UMTS ) , global system for At block 310 , processor 220 acquires a 2D data capture 
mobile communications ( GSM ) , code division multiple 60 image of the object based on the depth data in the processed 
access ( CDMA ) , frequency division duplexing ( FDD ) , long 3D image . In various implementations , the 2D data capture 
term evolution ( LTE ) , time division duplexing ( TDD ) , TDD image captures the code , and the 2D data capture image is 
long term evolution ( TDD - LTE ) , time division synchronous obtained from the 2D camera device . 
code division multiple access ( TD - SCDMA ) and the like , In some implementations , processor 220 acquires a 2D 
wireless data , BluetoothTM links , near field communication 65 data capture image of the object based on the depth data in 
( NFC ) links , wireless local area network ( WLAN ) links , the processed 3D image in that processor 220 focuses the 
WiFi links , WiMax links , packet based links , the Internet , lens of the 2D camera device on the code based on the depth 



US 9 , 805 , 240 B1 
10 

data in the processed 3D image , which may be used to combination thereof based on the one or more dark areas in 
determine the focus length for the 2D camera device . the processed 2D preview image . In some implementations , 
Processor 220 then acquires the 2D data capture image after exposure values may be different for the different dark areas . 
focusing the lens of the 2D camera . To explain further , in some implementations utilizing a 

In various implementations , processor 220 provides an 5 passive stereo vision system , for example , sufficient light is 
indicator to a user , where the indicator guides the user to required to enable 3D reconstruction . Therefore , the proces 
position the 2D camera device to achieve optimal focus sor , by incorporating 2D camera input , determines if the 
relative to the object based on the depth data in the processed light is sufficient at the target box . If the ambient light is not 
3D image . For example , in some implementations , the sufficient , the target is dark , or black , and the passive stereo 
indicator may guide the user to optimally position the 2D 10 vision system may then fail to provide 3D data . In this case , 
camera device relative to the object ( e . g . , closer or farther the processor adjusts the image signal processing ( ISP ) of 
away ) when acquiring the data capture 2D preview image . the 3D camera to adjust the exposure time and / or gain , to 

In some implementations , processor 220 adjusts the 2D achieve sufficient brightness from the target . In some imple 
camera resolution of the barcode based on the depth data in mentations , using a structured light system , such as struc 
the processed 3D image . 15 tured IR , dark materials may be black and absorb most 

In various implementations , processor 220 crops the visible light and IR light . In a 2D camera , this kind of 
image of the code from the 2D camera when the depth data material is dark or black . In a 3D structured light system , 
in the processed 3D image exceeds a predetermined depth because most of the IR is absorbed , less IR signal is reflected 
threshold . In other implementations , when the depth data and received by the 3D sensor from the dark colored areas . 
indicates that the barcode depth is less than the threshold , 20 Consequently , this type of material is dark in both the 2D 
processor 220 decreases resolution of the 2D camera by image and in the 3D depth map image . In both of these 
binning the depth values . In one non - limiting example , from implementations the processor may adjust the exposure 
the 3D depth data , the processor knows that the object ( e . g . , and / or gain of the 3D camera device to enhance the acqui 
a box ) is close and shrinks 2D RGB image from 3264 * 2448 sition of 3D image data . 
to 640 * 480 resolution . The processor does this because 25 In some implementations , to process the 3D image , pro 
640 * 480 resolution is enough for barcode decoding . cessor 220 may identify one or more surfaces of the object . 
Decreased resolution requires less computation , which Processor 220 then determines a region of interest based on 
speeds up processing . In another non - limiting example , from the one or more surfaces . In some implementations , the 
the 3D depth data , the processor knows the box is far and region of interest ( ROI ) may be determined by the user using 
that the barcode is too small to read in the 640 * 480 2D RGB 30 a crosshair in the preview image , for example . The user may 
image . This may result in failed barcode decoding . There - adjust the sensor position to locate the cross hair on one of 
fore , the processor adjusts ( e . g . , increases ) the 2D image the box surfaces . This may help enable the processor to 
resolution to the original 3260 * 2448 resolution . locate the target . As indicated above , processor 220 may 
At block 312 , processor 220 reads the code based on the then adjust the exposure time of the 3D image , the gain of 

2D data capture image . In some implementations , the code 35 the 3D image , or combination thereof based on the pro 
may be a barcode . In some implementations , the code may cessed 2D preview image . In some implementations , pro 
be a one dimensional barcode . In other implementations the cessor 220 may then determine dimensions of the object 
code may be a two dimensional barcode such as a QR code . based on the one or more surfaces of the object . 
In yet another embodiment , the processor 220 uses the 3D At block 408 , processor 220 processes the 3D image to 
image to locate the target object and then search for and 40 determine dimensions of the object . 
decode a barcode on the target object based on the 2D data In some implementations , processor 220 may cause the 
capture image subsequently acquired by the 2D camera dimensions of the object to be displayed on a display device . 
device . In some implementations , processor 220 may cause the 2D 

FIG . 4 depicts a flowchart of an example method for data capture image of the object to be displayed on the 
dimensioning , in accordance with some implementations . 45 display device along with the determined dimensions . 
As described herein , the dimensioning is based on one or FIG . 5 depicts a flowchart of an example method for 
more digital images and depth data . Referring to both FIGS . barcode scanning and dimensioning , in accordance with 
2 and 4 , a method is initiated at block 402 , where processor some implementations . As described herein , the barcode 
220 acquires a two - dimensional ( 2D ) preview image of an scanning and dimensioning are based on one or more digital 
object . As indicated above , the 2D preview image is 50 images and depth data . Referring to both FIGS . 2 and 5 , at 
obtained from a 2D camera device . block 502 , processor 220 acquires a 2D preview image of an 
At block 404 , processor 220 processes the 2D preview object . As indicated above , the 2D preview image is 

image to determine one or more dark areas . obtained from a 2D camera device . 
At block 406 , processor 220 acquires a three - dimensional At block 504 , processor 220 processes the 2D preview 

( 3D ) image of the object based on the one or more dark areas 55 image to determine one or more dark areas and a location of 
in the processed 2D preview image . In some implementa a code on the object . 
tions , the acquiring of the 3D image is based on the At block 506 , processor 220 acquires a 3D image of the 
acquiring of the 2D preview image in that the acquiring of object based on one or more of the one or more dark areas . 
the 3D image and the acquiring of the 2D preview image are As indicated above , the 3D image is obtained from a 3D 
performed together . 60 camera device . 
As indicated above , the 3D image is obtained from a 3D At block 508 , processor 220 processes the 3D image to 

camera device . As indicated above , the 3D camera device is determine depth data and to determine dimensions of the 
an infrared camera device . object . 

In various implementations , processor 220 may adjust the At block 510 , processor 220 acquires a 2D data capture 
3D image in response to dark areas . For example , in some 65 image of the object based on the depth data in the processed 
implementations , processor 220 may adjust the exposure 3D image . In various implementations , utilizing the 3D 
time of the 3D image , the gain of the 3D image , or a location and dimensions of the object ( e . g . , a box ) , bound 
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aries are established for searching for the barcode within mentations , 3D data 614 is processed to yield various types 
those boundaries . In various implementations , the 2D data of information . For example , in some implementations , the 
capture image captures the code , and , as indicated above , the 3D data may be processed to obtain range limits for the 2D 
2D data capture image is obtained from the 2D camera camera . The range limits may in turn be used to optimize 
device . 5 focus and provide auto focus capability . In general , 2D color 

At block 512 , processor 220 reads the code based on the images are more intuitive for aiming purposes . In some 
2D data capture image . implementations , aiming is accomplished using crosshairs to 

Alternatively , and / or in addition , processor 220 may store , select the region of interest and to select the object of at memory 222 , one or more of the digital image and the interest , which may include the barcode . dimensions of the object . Alternatively , and / or in addition , 10 In various implementations , data capture image 624 may processor 220 may transmit , using interface 224 , one or be obtained using input from both 2D image 604 and 3D more of the digital image and the dimensions of the object , data 614 , which may be processed as outlined above to for example to an external device and / or a remote device . 
Such transmission of one or more of the digital image and determine depth data , range information , and dimensions of 
the dimensions of the object may occur in conjunction with 15 the object , etc . This is indicated by arrows 610 ( 2D ) and 620 
cloud - based warehousing , shipping , inventory , retail , and / or ( 3D ) . In some implementations , the 2D capture image , 
healthcare applications and / or other cloud - based function obtained from the 2D camera device , and which captures the 
ality . code or barcode , is based on the depth data in the processed 

In some embodiments , measuring of object size , such as 3D image . The combination of 2D and 3D data is leveraged 
box size , and decoding a barcode on the object , can be 20 to achieve higher performance . By way of example , the 2D 
accomplished in parallel and substantially simultaneously camera lens may be focused to the barcode according to the 
using the 2D camera and 3D camera data by way of the depth data from the 3D image . Additionally , based on the 
methods described herein . depth data , if the depth is less than threshold , i . e . the barcode 

FIG . 6 depicts a block diagram of an example workflow is close enough , throughput may be increased by decreasing 
for barcode scanning and dimensioning , in accordance with 25 resolution using binning before sending it to the decoder for 
some implementations . As described herein , the barcode decoding . Correspondingly , if the depth is more than thresh 
scanning and dimensioning are based on one or more digital old , the resolution may be increased by cropping the barcode 
images and depth data . As shown , a 2D camera 602 provides before providing the data to the decoder for decoding . 
a 2D image 604 . Flow resulting from 2D image 604 is FIG . 7 depicts an example user interface 700 rendering a 
represented by arrows 606 , 608 , and 610 . A 3D camera 612 30 digital image of a physical object as well as dimensions 
provides 3D data 614 . Flow resulting from 3D data 614 is thereof and a barcode readout , in accordance with some 
represented by arrows 616 , 618 , and 620 . Arrow 606 indi - implementations . User interface 700 shows a 2D image 702 
cates that 2D image 604 yields information regarding dark of the field of view encompassing an object 704 , which may 
areas within a region of interest ( ROI ) of 2D image 604 . As have barcode 706 thereon . Crosshairs 707 are indicated on 
shown , in various implementations , the information regard - 35 a top surface 709 of object 704 . In some implementations , 
ing dark areas is combined with 3D data 614 . Arrow 616 crosshairs 707 indicate the user ' s selection of a region of 
indicates that 3D data 614 yields a depth map and range interest ( ROI ) . In some implementatins , the ROI may 
information with respect to an object in the field of view . As include only the selected portion or surface of object 704 . 
shown , in various implementations , the depth map and range Once the ROI is selected , the system may then determine the 
information are combined with information associated with 40 remainder of object 704 ( e . g . , the entire object 704 ) . Also 
2D image 604 . In various implementations , a depth map shown is a barcode reading 708 and dimensions 710 . In 
includes a 2D image , where each pixel in the 2D image various implementations , dimensions may include length , 
represents the range from the sensor to this particular point width , and height . 
on the object . In some implementations , the system may perform the 

In various implementations , preview image 622 may be 45 barcode scanning and dimensioning , thereby providing bar 
obtained using input from both 2D image 604 and 3D data code 706 and dimensions , in response to a user selecting a 
614 . This is indicated by arrows 608 ( 2D ) and 618 ( 3D ) , measure button 712 . In some implementations , user inter 
respectively . In some implementations , data from both the face 700 may provide a drop - down menu 714 to enable the 
2D and 3D input may be overlaid or combined to provide the user to select the type of image . For example , drop - down 
guidance for the user . For example , the guidance may direct 50 menu 714 when selected may show options such as " color 
the user to move device 100 ( e . g . , the 2D and 3D cameras ) image , " " black - and - white image , " " depth map , ” etc . , 
closer or farther away from the object . In some implemen depending on the particular implementation . In some imple 
tations , corresponding pixels in the 3D image are correlated mentations , user interface 700 may include a button 716 to 
with the pixels in the 2D image , and the depth values are save 2D image 702 and a button 718 to save an associated 
read . In some implementations , the 3D camera provides 55 depth map . Note that while a depth map rendering is not 
depth of range information to the object . In some imple shown , as described in various implementations herein , 
mentations , the barcode decoding range , e . g . , range of processor 220 still generates a depth map , which may 
focusing , is between 0 . 5 meters and 5 meters . In some optionally be displayed via the user interface 700 and / or 
implementations , the depth information is used to provide an saved . 
error message to the user if the object is out of range for 60 Implementations described herein may utilize various 
barcode decoding via the 2D imager . In some implementa - known dimensioning techniques for dimensioning . For 
tions , “ not a number ” ( NAN ) areas , which may be caused by example , in some implementations , a dimensioning tech 
low reflectivity , overexposure , or being out of range , are nique may by used that computes dimensions of an object 
overlapped in the 2D and 3D image data , which may be based on the respective depth data and the respective asso 
displayed as image preview , " and utilized to guide the user 65 ciations of shapes belonging to an object identified in the 
to avoid or to adjust the exposure and gain selection accord - digital image . In some implementations , a dimensioning 
ingly in the subsequent capture image . In various imple - technique may be used that computes dimensions of an 



13 
US 9 , 805 , 240 B1 

14 
object based on a 3D point cloud data , obtained from the 3D Moreover , an implementation can be implemented as a 
camera , associated with an object identified in the digital computer - readable storage medium having computer read 
image . able code stored thereon for programming a computer ( e . g . , 

In the foregoing specification , specific implementations comprising a processor ) to perform a method as described 
have been described . However , one of ordinary skill in the 5 and claimed herein . Examples of such computer - readable 
art appreciates that various modifications and changes can storage mediums include , but are not limited to , a hard disk , 
be made without departing from the scope of the specifica a compact disc read - only memory ( CD - ROM ) , an optical 
tion as set forth in the claims below . Accordingly , the storage device , a magnetic storage device , a read only 
specification and figures are to be regarded in an illustrative memory ( ROM ) , a programmable read only memory 

rather than a restrictive sense , and all such modifications are 10 ( PROM ) , an erasable programmable read only memory 
( EPROM ) , an electrically erasable programmable read only intended to be included within the scope of present teach memory EEPROM ) and a flash memory . Further , it is ings . expected that one of ordinary skill , notwithstanding possibly The benefits , advantages , solutions to problems , and any significant effort and many design choices motivated by , for 

element ( s ) that may cause any benefit , advantage , or solu - 15 example , available time , current technology , and economic 
tion to occur or become more pronounced are not to be considerations , when guided by the concepts and principles 
construed as a critical , required , or essential features or disclosed herein will be readily capable of generating such 
elements of any or all the claims . The invention is defined software instructions and programs and ICs with minimal 
solely by the appended claims including any amendments experimentation . 
made during the pendency of this application and all equiva - 20 The Abstract of the Disclosure is provided to allow the 
lents of those claims as issued . reader to quickly ascertain the nature of the technical dis 
Moreover in this document , relational terms such as first closure . It is submitted with the understanding that it will not 

and second , top and bottom , and the like may be used solely be used to interpret or limit the scope or meaning of the 
to distinguish one entity or action from another entity or claims . In addition , in the foregoing Detailed Description , it 
action without necessarily requiring or implying any actual 25 can be seen that various features are grouped together in 
such relationship or order between such entities or actions . various implementations for the purpose of streamlining the 
The twins " comprises , " " comprising , " " has , " " having , " disclosure . This method of disclosure is not to be interpreted 
“ includes , ” “ including , " " contains , " " containing , " or any as reflecting an intention that the claimed implementations 
other variation thereof , are intended to cover a non - exclusive require more features than are expressly recited in each 
inclusion , such that a process , method , article , or apparatus 30 claim . Rather , as the following claims reflect , inventive 
that comprises , has , includes , contains a list of elements does subject matter lies in less than all features of a single 
not include only those elements but may include other disclosed implementation . Thus the following claims are 
elements not expressly listed or inherent to such process , hereby incorporated into the Detailed Description , with each 
method , article , or apparatus . An element proceeded by claim standing on its own as a separately claimed subject 
" comprises . . . a , " " has . . . a , " " includes . . . a , " " con - 35 matter . 
tains . . . a ” does not , without more constraints , preclude the 
existence of additional identical elements in the process , We claim : 
method , article , or apparatus that comprises , has , includes , 1 . A method comprising : 
contains the element . The terms “ a ” and “ an ” are defined as acquiring a two - dimensional ( 2D ) preview image of an 
one or more unless explicitly stated otherwise herein . The 40 object , wherein the 2D preview image is obtained from 
tennis “ substantially , " " essentially , " " approximately , " a 2D camera device ; 
“ about , ” or any other version thereof , are defined as being processing the 2D preview image to determine a location 
close to as understood by one of ordinary skill in the art , and of a code on the object ; 
in one non - limiting implementation the term is defined to be acquiring a three - dimensional ( 3D ) image of the object , 
within 10 % , in another implementation within 5 % , in 45 wherein the 3D image is obtained from a 3D camera 
another implementation within 1 % and in another imple device ; 
mentation within 0 . 5 % . The term " coupled ” as used herein processing the 3D image to determine depth data associ 
is defined as connected , although not necessarily directly ated with the object ; 
and not necessarily mechanically . A device or structure that acquiring a 2D data capture image of the object based on 
is " configured ” in a certain way is configured in at least that 50 the depth data in the processed 3D image , wherein the 
way , but may also be configured in ways that are not listed . 2D data capture image captures the code , and wherein 

It will be appreciated that some implementations may be the 2D data capture image is obtained from the 2D 
comprised of one or more generic or specialized processors camera device ; and 
( or “ processing devices ” ) such as microprocessors , digital reading the code based on the 2D data capture image . 
signal processors , customized processors and field program - 55 2 . The method of claim 1 , wherein the 3D camera device 
mable gate arrays ( FPGAs ) and unique stored program is an infrared camera device . 
instructions ( including both software and firmware ) that 3 . The method of claim 1 , further comprising focusing a 
control the one or more processors to implement , in con - lens of the 2D camera device on the code based on the depth 
junction with certain non - processor circuits , some , most , or data . 
all of the functions of the method and / or apparatus described 60 4 . The method of claim 1 , further comprising providing an 
herein . Alternatively , some or all functions could be imple indicator to a user , wherein the indicator guides the user to 
mented by a state machine that has no stored program optimally position the 2D camera device relative to the 
instructions , or in one or more application specific integrated object based on the depth data . 
circuits ( ASICs ) , in which each function or some combina 5 . The method of claim 1 , further comprising adjusting a 
tions of certain of the functions are implemented as custom 65 resolution of the code based on the depth data in the 
logic . Of course , a combination of the two approaches could processed 3D image . 
be used . 6 . The method of claim 1 , wherein the code is a barcode . 
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7 . The method of claim 1 , further comprising cropping an 14 . The method of claim 9 , wherein the processing of the 
image of the code when the depth data in the processed 3D 3D image comprises : 
image exceeds a predetermined depth threshold . identifying one or more surfaces of the object ; and 

8 . A system comprising : determining dimensions of the object based on the one or 
a two - dimensional ( 2D ) camera device ; more surfaces of the object . 
a three - dimensional ( 3D ) camera device ; 15 . A system comprising : 
one or more processors ; and a two - dimensional ( 2D ) camera device ; data storage containing instructions executable by the one a three - dimensional ( 3D ) camera device ; or more processors for causing the system to perform 

operations comprising : one or more processors ; and 
acquiring a 2D preview image of an object , wherein the data storage containing instructions executable by the one 

2D preview image is obtained from a 2D camera or more processors for causing the system to perform 
device ; operations comprising : 

processing the 2D preview image to determine a loca acquiring a 2D preview image of an object , wherein the 
tion of a code on the object ; 2D preview image is obtained from a 2D camera 

acquiring a 3D image of the object , wherein the 3D device ; 
image is obtained from a 3D camera device ; processing the 2D preview image to determine one or 

processing the 3D image to determine depth data more dark areas ; 
associated with the object ; acquiring a 3D image of the object based on the one or 

acquiring a 2D data capture image of the object based 20 more dark areas in the processed 2D preview image , 
on the depth data in the processed 3D image , wherein wherein the 3D image is obtained from a 3D camera 
the 2D data capture image captures the code , and device ; and 
wherein the 2D data capture image is obtained from processing the 3D image to determine dimensions of 
the 2D camera device ; and the object . 

reading the code based on the 2D data capture image . 25 16 . A method comprising : 
9 . A method comprising : acquiring a two - dimensional ( 2D ) preview image of an acquiring a two - dimensional ( 2D ) preview image of an object , wherein the 2D preview image is obtained from object , wherein the 2D preview image is obtained from a 2D camera device ; a 2D camera device ; 
processing the 2D preview image to determine one or 30 processing the 2D preview image to determine one or P more dark areas and to determine a location of a code more dark areas ; 
acquiring a three - dimensional ( 3D ) image of the object on the object ; 

based on the one or more dark areas in the processed acquiring a three - dimensional ( 3D ) image of the object 
2D preview image , wherein the 3D image is obtained based on the one or more dark areas , wherein the 3D 
from a 3D camera device ; 35 image is obtained from a 3D camera device ; 

adjusting at least one of an exposure time of the 3D image processing the 3D image to determine depth data and to 
and a gain of the 3D image based on the one or more determine dimensions of the object ; 
dark areas in the processed 2D preview image ; and acquiring a 2D data capture image of the object based on 

processing the 3D image to determine dimensions of the the depth data in the processed 3D image , wherein the 
object . 40 2D data capture image captures the code , and wherein 

10 . The method of claim 9 , wherein the 3D camera device the 2D data capture image is obtained from the 2D 
is an infrared camera device . camera device ; and 

11 . The method of claim 9 , further comprising displaying reading the code based on the 2D data capture image . 
the dimensions of the object on a display device . 17 . The method of claim 16 , wherein the 3D camera 

12 . The method of claim 9 , further comprising displaying 45 device is an infrared camera device . 
the 2D preview image of the object on a display device . 18 . The method of claim 16 . further comprising focusing 13 . The method of claim 9 , wherein the processing of the a lens of the 2D camera device on the code based on the 3D image comprises : depth data from the 3D image . identifying one or more surfaces of the object ; 

determining a region of interest based on the one or more 50 19 . The method of claim 16 , further comprising providing 
surfaces of the object ; and an indicator to a user , wherein the indicator guides the user 

adjusting at least one of the exposure time of the 3D to optimally position the 2D camera device relative to the 
image and the gain of the 3D image based on the object based on the depth data from the 3D image . 
processed 2D preview image . * * * * * 

40 


